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(57) ABSTRACT

A wvibration damper and/or 1solator for a rotating shaft 1s
provided comprising a hub, an 1nertia element, a magneto-
rheological elastic element interposed between the hub and
the inertia element to non-rigidly couple the inertia element to
the hub, and an electromagnet operable to produce a magnetic
field across the elastic element when energized. The mag-
neto-rheological elastic element, which may comprise a com-
posite of magnetic-responsive particles dispersed within an
clastic material, possesses a variable shear modulus that 1s
dependent, at least 1n part, on the strength of a magnetic field
applied to the elastic element.

9 Claims, 6 Drawing Sheets
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ACTIVE VIBRATIONAL DAMPER

RELATED APPLICATIONS

This application is a divisional of U.S. application Ser. No. >
10/969,887 filed Oct. 20, 2004 now U.S. Pat. No. 7,584,685.

TECHNICAL FIELD

The present invention relates generally to vibration damp- 1°

ers, and more particularly, to a controllable vibration damper
utilizing a magneto-rheological elastic element.

BACKGROUND
15

In an automobile, combustion forces produced in the
engine cylinders are transierred through the piston-rod con-
nection to the crankshait to introduce torque pulses that act to
spin the crankshaft. It 1s often the case that this torque-pulse-
excitation occurs at a rate (or frequency) that corresponds
with the crankshatft’s natural torsional first mode, and some-
times second mode, frequency. A crankshait left to operate in
a high amplitude torsional resonance condition 1s likely to fail
much sooner than desirable. Therefore, it 1s typical to control 55
a crankshaft operating 1n a resonant condition by adding a
specifically designed crankshaft damper.

The two predominant crankshaft damper designs in use
today are the fixed frequency elastomeric damper and the
broad band viscous damper. The fixed frequency elastomeric 30
damper, which 1s often used 1n automotive and light truck
applications, utilizes an inertia mass with a torsional spring
clement to control a specific crank resonance frequency. To
target a second resonant torsional frequency a second inertia
clement and spring element must typically be added resulting 35
in additional cost. With any elastomeric damper, the designer
must contend also with lesser but important factors that con-
tribute to frequency shift including temperature changes and
permanent frequency shift from elastomer aging.

The broad band viscous damper, which 1s often used 1n 40
agricultural, heavy duty and marine applications, utilizes an
inertia mass that moves independently 1n a shear fluid—all of
which 1s contained within a housing mounted to the crank.
The shear fluid, often a silicone, provides viscous damping
when placed 1n shear. Thus, the oscillatory mput amplitudes 45
of the crank are met with a counteracting torque of the fluid 1n
shear. Though a viscous damper 1s often less eflective than a
fixed tuned damper at 1ts specifically tuned frequency, the
viscous damper 1s able to durably counteract high torsional
amplitudes across multiple frequencies. 50

Given the benefits of both designs, the elastomeric and
viscous type dampers have been combined into a single
design configuration, as shown in FIG. 1, 1n the rare situation
where the cost/benefit ratio 1s satisfactory. The combination
of both designs, however, may result 1n wasted mass and 55
excessive damping that drain the engine’s fuel economy and
torque responsiveness away from its primary function as a
power source. Accordingly, more often than not, a damper
designer must trade the benefits of one design for the benefits
ol the other. 60

One example of a prior art combination damper 1s shown in
FIG. 1. The combination damper 10 includes a plate 12,
which 1s mounted to the crank-nose of a crankshaft, an inertia
ring 14 and a pair of rubber elements 16 that couple the inertia
ring 14 to the plate 12. A chamber 18 formed between the 65
plate 12, the inertia ring 14 and the rubber elements 16 con-
tains a viscous tluid to provide viscous damping.

20
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With the advent of magneto-rheological fluids (“MR flu-
1ds”) and new magneto-rheological composite materials
(“MR composites™) (collectively “MR maternials™), it 1s now
possible to actively control a vibration damper to overcome
the shortcomings of the prior art. In particular, through the
application of a magnetic field the material properties of a
damper can be actively manipulated to control the damping
and/or targeted frequency of the damper.

Accordingly, a new damper 1s desired that utilizes MR
materials to provide for active control of vibrations. One
embodiment of the new active vibration damper, detailed
herein, 1s particularly well suited to control torsional vibra-
tions 1n, for example, a crankshaft. Other embodiments, how-
ever, could be used for bending dampers or axial dampers.

SUMMARY

According to a first aspect, a vibration damper 1s provided
comprising an inertia element, a magneto-rheological elastic
clement and an electromagnet. The elastic element 1s inter-
posed between the mertia element and an associated vibrating
clement to non-rigidly couple the inertia element to the
vibrating element. The electromagnet 1s operable to produce
a magnetic field across the elastic element when energized.
The magneto-rheological elastic element may comprise a
composite ol magnetic-responsive particles dispersed within
an elastic material so that the elastic element possesses a
variable modulus that 1s dependent, at least in part, on the
strength of a magnetic field applied to the elastic element.

The vibration damper may further comprise a vibration
sensor and a controller that 1s operatively coupled to the
vibration sensor for receiving a signal therefrom. The con-
troller 1s operable to energize the electromagnet based, at
least 1n part, on the signal received from the sensor.

Additionally, the vibration damper may include a fluid
chamber formed between the 1nertia element the associated
vibrating element that contains a viscous fluid to provide
VISCOUS

damping. If the viscous fluid 1s a magneto-rheological
fluid, the electromagnet may further be operable to produce a
magnetic field across the fluid chamber when energized so as
to provide variable viscous damping.

According to a second aspect, a torsional vibration damper
1s provided comprising a hub, an inertia element, a magneto-
rheological elastic element and an electromagnet. The hub 1s
adapted to be coupled to an associated rotating shaft and the
clastic element 1s interposed between the hub and the nertia
clement to non-rigidly couple the mertia element to the hub.
The electromagnet 1s operable to produce a magnetic field
across the elastic element when energized. The elastic ele-
ment may comprise a composite of magnetic-responsive par-
ticles dispersed within an elastic material such that the elastic
clement possesses a variable modulus that 1s dependent, at
least 1n part, on the strength of a magnetic field applied to the
clastic element.

According to a third aspect, a method of controlling vibra-
tions 1 a vibrating element 1s provided. The steps of the
method 1nclude coupling the vibrating element to a vibration
damper having a magneto-rheological elastic element and an
inertia element, wherein the frequency of the vibration
damper 1s dependent, at least 1n part, on the shear modulus of
the elastic element. The method further includes the steps of
monitoring the vibrations of the vibrating element and apply-
ing a magnetic field to the magneto-rheological elastic ele-
ment of the damper based, at least in part, on the monitored
vibrations of the vibrating element. In this manner, the shear
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modulus of the elastic element, and therefore the frequency of
the damper, can be controlled.

According to a fourth aspect, a method of directly control-
ling the torsional vibrations of a rotating shaft 1s provided.
The steps of the method include providing a vibration damper
having a magneto-rheological elastic element interposed
between an 1nertia element and a hub, wherein the frequency
of the vibration damper 1s dependent, at least in part, on the
shear modulus of the elastic element, and coupling the hub of
the vibration damper to a rotating shait. The method further
includes the steps of monitoring the vibrations of the rotating
shaft and applying a magnetic field to the elastic element of
the damper based, at least 1n part, on the monitored vibrations
ol the rotating shait to control the shear modulus of the elastic
clement and therefore the frequency of the damper.

According to a fifth aspect, a method of indirectly control-
ling the torsional vibrations of a rotating shaft in an engine
system 1s provided. The steps ol the method include providing
a vibration damper having a magneto-rheological elastic ele-
ment interposed between an inertia element and a hub,
wherein the frequency of the vibration damper 1s dependent,
at least 1n part, on the shear modulus of the elastic element,
and coupling the hub of the vibration damper to a rotating
shaft in an engine system. The method further includes the
steps of monitoring the operating conditions of the engine
system and applying a magnetic field to the elastic element of
the damper based, at least in part, on the monitored operating,
conditions of the engine system to control the shear modulus
of the elastic element and therefore the frequency of the
damper.

According to a sixth aspect, a method of 1solating an asso-
ciated element from the vibrations of a vibrating element 1s
provided. The method includes the preparatory steps of pro-
viding a vibration damper having a magneto-rheological elas-
tic element, wherein the frequency of the vibration damper 1s
dependent, at least in part, on the shear modulus of the elastic
clement, and interposing the vibration damper between a
vibrating element and an associated element to couple the
associated element to the vibrating element. Additionally, the
method includes the steps of monitoring the vibrations of the
associated element and applying a magnetic field to the mag-
neto-rheological elastic element of the damper based, at least
in part, on the monitored vibrations of the associated element
to control the shear modulus of the elastic element and there-
tore the frequency of the damper.

According to a seventh aspect, another method of 1solating
an associated element from the vibrations of a vibrating ele-
ment 1s provided. The method includes the preparatory steps
of providing a vibration damper having a magneto-rheologi-
cal elastic element, wherein the damping value of the vibra-
tion damper 1s dependent, at least 1in part, on the damping
characteristics of the elastic element, and mterposing the
vibration damper between a vibrating element and an associ-
ated element to couple the associated element to the vibrating
clement. The method further includes the steps of monitoring
the vibrations of the associated element and applying a mag-
netic field to the magneto-rheological elastic element of the
damper based, at least 1n part, on the monitored vibrations of
the associated element to control the damping characteristics
of the elastic element and therefore the damping value of the
damper.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partial cross-section of a prior art torsional
damper for a rotating shatft;
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FIG. 2 1s an1sometric view of a vibration damper according,
to a one aspect indicating the position of associated electro-

magnets in phantom lines;

FIG. 3 1s a rear view of the vibration damper of FIG. 2
indicating the position of associated electromagnets 1n phan-
tom lines;

FI1G. 4 1s a detailed view of Section B of FIG. 3;

FIG. § 1s a cross-sectional view of the vibration damper of
FI1G. 2 installed on a crank-nose;

FIG. 6 1s a detailed view of Section C of FIG. 5;

FIG. 7A 1s a cross-sectional view a vibration damper
according to a second aspect;

FI1G. 7B 1s a detailed view of Section D of FIG. 7A;

FIG. 8 1s a graph showing the effect of a magnetic field on
the elastic modulus of one possible magneto-rheological elas-
tic element;

FIG. 9 15 a schematic depicting a system for directly con-
trolling the torsional vibrations of a rotating shatt; and

FIG. 10 1s a schematic depicting a system for indirectly
controlling the torsional vibrations of a rotating shaft.

DETAILED DESCRIPTION

A new active vibration damper utilizing one or more mag-
neto-rheological materials 1s shown 1n FIGS. 2-6. Although
the particular embodiments that are depicted are effective in
controlling the torsional vibrations of a crankshatt, the broad
concept of active vibration dampers disclosed herein has
broader application. In addition to the embodiments
described herein, the varied damping and varied spring rate
technology that 1s disclosed would be useful in other appli-
cations including, for example, linear dampers and bending
dampers. Furthermore, as used herein, the term *““vibration
damper” includes not only devices that counteract, control or
reduce the vibrations of a vibrating element but also devices
such as 1solators that insulate or protect elements that are
associated with a vibrating element.

Referring to FIGS. 2-6, in one embodiment the vibration
damper 20 includes a hub 22 that may be coupled to a rotating
shaft, such as a crankshaitt, for rotational movement there-
with. Specifically, the hub 22 may be coupled to the crank-
nose 24 of a crankshaft, which typically protrudes from the
front cover 26 of an engine or generator, as 1n F1G. 5. The hub
22 may be made from metal, plastic, or any other suitable
rigid or semi-rigid material and may be coupled to the rotating
shaft by any typical means including set screws, keyways or
interference fits.

The vibration damper 20 further includes an inertia ele-
ment 28, which may be an annular ring concentric with and
spaced radially outwardly from the hub 22. In other embodi-
ments the mertia element may be spaced radially inwardly
from a tlange on the hub or spaced axially from such a flange.
The inertia element 28 may be made from metal, plastic or
any material having suitable mass. The outer surface of the
inertia element may include one or more grooves or notches
to receive a power transmitting belt. The belt may be further
engaged with one or more driven sheaves operatively
engaged with one or more accessories, such as an integrated
starter generator unit or a compressor. Alternatively, 1f the
inertia element 1s located radially inwardly from a flange on
the hub, the outer surface of the hub may 1include one or more
grooves to recerve a power transmitting belt.

Interposed between the hub 22 and the inertia element 28 1s
a magneto-rheological elastic element 30 that non-rigidly
couples the mertia element 28 to the hub 22. In particular, the
clastic element 30 may be press fit or injection molded
between the 1nertia element 28 and the hub 22 or adhered to
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the 1nertia element 28 and the hub 22 using any conventional
adhesive that 1s typically used 1n the field. The vibrations of
the crank-nose 24 are transierred to the inertia element 28
through the magneto-rheological elastic element 30, which
has some spring rate that 1s governed, at least in part, by the
shear modulus of the elastic element 30.

As 1s well known 1n the art, the elastic element 30 may be
designed such that the damper provides either counteractive
damping of a vibrating element or through vibration 1solation
at a particular vibration frequency. For example, the spring
rate of the elastic element may be selected such that the
vibrations of the inertia element 28, after having been trans-
terred through the elastic element, occur out of phase with the
vibrations of the crank-nose 24 to provide a counteracting,
torque that controls resonant vibrations of the crank-nose 24.
Alternatively, when used as an 1solator, the spring rate of the
clastic element may be selected such that the inertia element
28 and other associated elements experience substantially
lower vibration amplitudes than the crank-nose 24 at a par-
ticular crank-nose vibration frequency. The “frequency of the
damper,” as that term 1s used herein, refers to the targeted
frequency at which the damper 1s design to erther produce a
peak counteracting torque or provide maximum isolation.

The new magneto-rheological elastic element 30 of the
present invention comprises a composite of magnetic-respon-
stve particles dispersed within an elastic material, which may
be, for example, a rubber with an Ethylene Acrylic base such
as VAMAC™ rubber. In one embodiment the elastic element
30 comprises magnetic-responsive particles i the range of
10% to 50% by volume.

As used herein the term “magnetic-responsive particles”
means broadly particles that are either significantly attracted
or repelled by a magnetic field including, for example, ferro-
magnetic particles like 1ron, nickel or cobalt, and diamagnetic
particles like bismuth or antimony. As a result of magnetic
forces generated by the interaction of an applied magnetic
field with the magnetic-responsive particles dispersed within
the composite, the elastic element 30 possesses variable elas-
tic moduli, including shear modulus, that can be controlled
through control of the magnetic field. This phenomenon 1s

substantially related to the well known variable viscosity of
magneto-rheological fluids and 1s confirmed by experimental
test results. In addition, 1t 1s further anticipated that the damp-
ing characteristics of the elastic element 30 can also be con-
trolled through the application of a magnetic field.

Referring to FIG. 8, a composite of VAMAC™ rubber
contaiming 25 parts per hundred rubber by volume of 60
micron 1ron particles was loaded in tension both within and
outside the presence of a magnetic field. When a magnetic
field strength of 0.2 Tesla was applied, an elastic modulus
increase of between approximately 7% and 20% was mea-
sured, dependant upon the strain levels. The shear modulus or
modulus of rigidity, G, of a material 1s related to the elastic
modulus, E, of the material by the equation: G=E/(2(1+V))
where v 1s Poisson’s Ratio for the material.

Referring again to the embodiment shown 1n FIGS. 2-6, a
plurality of electromagnets 32 (shown 1n phantom lines in
FIGS. 2-4) are mounted on the front cover 26 of the engine
and are positioned so as to be located 1n close proximity to the
clastic element 30 as 1t rotates. When energized through wire
leads 34 operatively coupled to a controller (shown 1n FIGS.
9 and 10), the electromagnets 32 are operable to produce a
magnetic field 36 across the elastic element 30. Of course the
number and position of the electromagnets may be varied. By
varying the voltage applied to the electromagnets the strength
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of the magnetic field 36 can be controlled to in turn control the
shear modulus and therefore the spring rate of the elastic
clement 30.

Referring now to FIGS. 7A and 7B (collectively “FIG. 77),
a new active vibration damper 40 according to a second
embodiment 1s depicted. To the extent that the vibration
damper shown 1n FI1G. 7 utilizes structural elements similar to
the elements previously described with respect to FIGS. 2-6,
identical reference numerals have been used to 1dentity the
elements. In addition to those elements, however, the embodi-
ment shown m FIG. 7 further includes a fluid chamber 42
formed between the hub 22 and the inertia element 28. The
fluid chamber 42 contains a viscous fluid, which may be a
magneto-rheological fluid, to provide viscous damping as the
inertia element 28 moves relative to the hub 22. If a magneto-
rheological fluid 1s used, the fluid chamber 42 should be
located so as to be within the magnetic field produced by the
clectromagnets 32 when energized. In this embodiment the
clastomeric spring rate and the viscous damping rate of the
damper can be actively controlled through control of the
magnetic field strength.

In view of the new vibration damper disclosed herein,
several new control systems and methods for controlling and/
or 1solating vibrations are possible. For example, referring to
FIG. 9, a schematic of a system for directly controlling the
vibrations of a rotating shaft 1s shown. FIG. 10, by contrast,
shows a system for indirectly controlling the vibrations of a
rotating shatft.

Referring to FIG. 9, a system for directly controlling the
vibrations of a rotating shait 1s shown having an active vibra-
tion damper 50 like the one disclosed herein, a vibration
sensor 52 and a controller 54. The system may further include
a power source 35. The rotating shait 56, which may be the
crankshaft of an automobile, 1s represented as a series of
rotating elements 38, 60, 62, 64, 66, 68, cach having some
rotational 1nertia, connected by torsional spring elements 70,
72,74, 76, 78, where the rotating shait itself has some tor-
sional spring rate. The active vibration damper 50 couples the
end of the rotating shaft 58, which may be the crank-nose 1n
conjunction with the damper/isolator hub, to another rotating
clement 80, which may be a damper inertia ring and/or an
1solator pulley and/or a belt drive system. The vibration sen-
sor 52, which may be a displacement sensor, monitors the
vibrations of the end of the rotating shatt 538. The controller 54
1s operatively coupled to the vibration sensor 52 for receiving
a signal therefrom and 1s operable to energize an electromag-
net to control the material properties of the active vibration
damper 50 based, at least in part, on the signal recerved from
the sensor 52. The active vibration damper 30, as previously
described, includes an elastic element having at least a con-
trollable spring rate and 1t 1s believed controllable elastomeric
damping properties. In some embodiments having a fluid
chamber the vibration damper 30 may also possesses control-
lable fluid damping properties. Accordingly, the frequency
and damping range over which the damper can provide etiec-
tive vibration control 1s increased.

Reterring to FIG. 10, a system for indirectly controlling the
vibrations of a rotating shaft 1s shown having an active vibra-
tion damper 50, a controller 534 and one or more performance
sensors 84. It the rotating shaft 1s, for example, a crankshatt,
the performance sensors 84 may monitor engine and combus-
tion performance to indirectly determine the vibration damp-
ing that 1s necessary. The controller 54 1s operatively coupled
to the performance sensors 84 for recerving a signal therefrom
and 1s operable to energize an electromagnet to control the
material properties of the active vibration damper 50 based, at
least 1n part, on the signal received from the sensors 84.
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In addition to controlling the vibrations of a vibrating ele-
ment, the active vibration damper disclosed herein may also

be used to 1solate vibrations. As used herein, the concept of

“1solating” an element from vibrations means to reduce or
climinate the transfer of vibrations to the element. This may
be accomplished either by controlling the damping or the
spring rate ol the vibration damper for a given vibration
frequency. As used herein, the broad concept of “damping”
includes the reduction of energy transier by, for example,
conversion of kinetic energy into heat. It 1s believed that the
damping properties of a magneto-rheological elastic element,
like 1ts spring rate, can be controlled or varied through the
application of a magnetic field. Accordingly, the systems and
devices already described are effective with little or no modi-
fication as 1solators.

The benefits and advantages of the new active vibration
dampers will be apparent to those skilled in the art and include
real-time control to accommodate both normal and abnormal
engine operating conditions as well as improved cost and
mass elficiency through the elimination of dual spring/dual
inertia damper designs. Because the elastic and/or viscous
material properties of the active vibration damper can be
altered, multiple frequencies, modes, temperature changes
and elastomer aging can be accommodated without the added
mass and cost of more traditional combination type dampers.
Additionally, 1t may be possible to reduce noise emission
when the damper 1s part of the noise transmission path and
improve the life of the damper through the reduction of stress,
strain and heat generation in the damper.

What 1s claimed 1s:

1. A method of controlling vibrations in a vibrating ele-
ment, the method comprising the steps of:

providing a vibrating element coupled to a rotatable shaift

for rotational moment therewith;

providing a vibration damper that includes a magneto-

rheological elastic element and an annular inertia ele-
ment, the annular inertia element having an axially
extending slot in an outer face thereof that receives at
least a portion of an electromagnet, a portion of the
magneto-rheological elastic element, or a portion of the
vibrating element;

coupling the vibrating element to the vibration damper

with the magneto-rheological elastic element between
the annular 1nertia element and the vibrating element,
wherein the frequency of the vibration damper 1s depen-
dent, at least 1n part, on the shear modulus of the mag-
neto-rheological elastic element;

monitoring the vibrations of the vibrating element; and

applying a magnetic field to the magneto-rheological elas-

tic element of the damper based, at least in part, on the
monitored vibrations of the vibrating element to control
the shear modulus of the elastic element and therefore
the frequency of the damper.

2. A method of controlling vibrations 1n a vibrating element
as claimed in claim 1, wherein the vibration damper further
comprises a viscous damper portion containing a magneto-
rheological viscous fluid, the method further comprising the
step of applying a magnetic field to the magneto-rheological
viscous tluid based, at least 1n part, on the monitored vibra-
tions of the vibrating element.

3. A method as claimed in claim 1, wherein applying the
magnetic field includes positioning an electromagnet to pro-
duce a magnetic field across the magneto-rheological elastic
clement when the electromagnet 1s energized.

4. A method of controlling vibrations in a vibrating element
as claimed 1n claim 1, wherein the vibrations of the vibrating
clement comprise torsional vibrations.
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5. A method of directly controlling the torsional vibrations
of a rotating shait, the method comprising the steps of:

providing a vibration damper comprising a magneto-rheo-

logical elastic element interposed between an annular
inertia element and a hub, the annular 1nertia element
being elastically coupled to the hub by the magneto-
rheological elastic element, wherein the frequency of the
vibration damper 1s dependent, at least 1n part, on the
shear modulus of the elastic element;

coupling the hub of the vibration damper to a rotatable

shaft for movement therewith;

monitoring the vibrations of the rotating shaft; and

applying a magnetic field to the magneto-rheological elas-

tic element of the damper based, at least in part, on the
monitored vibrations of the rotating shatt to control the
shear modulus of the elastic element and therefore the
frequency of the damper.

6. A method of indirectly controlling the torsional vibra-
tions of a rotating shaft in an engine system, the method
comprising the steps of:

providing a vibration damper comprising a magneto-rheo-

logical elastic element interposed between an annular
inertia element and a hub, the annular inertia element
being elastically coupled to the hub by the magneto-
rheological elastic element, wherein the frequency of the
vibration damper 1s dependent, at least 1n part, on the
shear modulus of the elastic element;

coupling the hub of the vibration damper to a rotating

rotatable shaft 1n an engine system for movement there-
with;

monitoring the operating conditions of the engine system;

and

applying a magnetic field to the magneto-rheological elas-

tic element of the damper based, at least in part, on the
monitored operating conditions of the engine system to
control the shear modulus of the elastic element and
therefore the frequency of the damper.

7. A method of 1solating an associated element from the
vibrations of a vibrating element, the method comprising the
steps of:

providing a vibrating element coupled to a shaift for rota-

tion therewith;

providing a vibration damper comprising a magneto-rheo-

logical elastic element, wherein the frequency of the
vibration damper 1s dependent, at least 1n part, on the
shear modulus of the elastic element:;

providing an annular associated element capable of being

concentric with the vibrating element;
interposing the vibration damper between the vibrating
clement and an annular associated element to couple the
annular associated element to the vibrating element;

monitoring the vibrations of the associated element; and

applying a magnetic field to the magneto-rheological elas-
tic element of the damper based, at least 1n part, on the
monitored vibrations of the associated element to con-
trol the shear modulus of the elastic element and there-
fore the frequency of the damper.

8. A method of 1solating an associated element from the
vibrations of a vibrating element, the method comprising the
steps of:

providing a vibrating element coupled to a shait for rota-

tion therewith;

providing a vibration damper comprising a magneto-rheo-

logical elastic element, wherein the damping value of
the vibration damper 1s dependent, at least in part, on the
damping characteristics of the elastic element;
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providing an annular associated element capable of being
concentric with the vibrating element;

interposing the vibration damper between a vibrating ele-
ment and an annular associated element to couple the
annular associated element to the vibrating element;

monitoring the vibrations of the associated element; and

applying a magnetic field to the magneto-rheological elas-
tic element of the damper based, at least in part, on the
monitored vibrations of the associated element to con-
trol the damping characteristics of the elastic element
and therefore the damping value of the damper.

10

9. A method as claimed 1n claim 8, wherein the frequency
of the vibration damper 1s dependent, at least in part, on the
shear modulus of the elastic element; and further comprising
the step of applying a magnetic field to the magneto-rheologi-
cal elastic element of the damper based, at least 1n part, on the
monitored vibrations of the associated element to control the
shear modulus of the elastic element and therefore the fre-
quency of the damper.
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